How does cross-linguistic variation in linguistic structure affect children's acquisition of early number word meanings? We tested this question by investigating number word learning in two unrelated languages that feature a tripartite singular-dual-plural distinction: Slovenian and Saudi Arabic. We found that learning dual morphology affects children's acquisition of the number word two in both languages, relative to English. Children who knew the meaning of two were surprisingly frequent in the dual languages, relative to English. Furthermore, Slovenian children were faster to learn two than children learning English, despite being less-competent counters. Finally, in both Slovenian and Saudi Arabic, comprehension of the dual was correlated with knowledge of two and higher number words.
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counting | grammatical number H ow does the structure of language affect children's acquisition of early number word meanings? Humans have a unique ability to express an unbounded set of exact numerical concepts, like "eighty-two" (1), which emerges only after children have begun using language (2) . Cross-cultural studies find that number knowledge is typically related to learning a verbal count list, and that groups who lack large number words also lack the ability to represent large numerosities precisely (3) (4) (5) . Together, such observations suggest that, across most human cultures, natural language plays a central role in the acquisition and use of number words, the basic building blocks of early mathematical development. However, beyond the fact that number word learning typically begins with acquiring a count list, surprisingly little is known about how the particular language a child speaks affects their ability to acquire number word meanings. In this article we investigated this question by testing how cross-linguistic differences in grammatical structure affect the early stages of number word development. In particular, we tested number word learning in two languages, Slovenian and Saudi Arabic, which provide rich morphological cues to the very first number words children acquire in development.
By some accounts, linguistic structure is important to the acquisition of number words chiefly because it provides a system of labels for expressing preexisting numerical concepts (6) . By other accounts, language plays a stronger role by providing a system for combining content from diverse perceptual and conceptual systems, thus allowing humans to construct new concepts, such as the positive integers, which would otherwise not be possible (7) . Each of these past accounts has focused on how language supports number word learning by allowing humans to express or combine concepts. Others, however, have argued that beyond merely expressing and combining content, language may also support number word learning by providing specific cues to meaning via its morphological and syntactic structures, in ways that vary from one language to another (8) (9) (10) (11) (12) . Specifically, children might attend to how number words are used with linguistic structures that encode grammatical number, thereby learning that these words denote quantity, and even which specific quantities they denote. On this account, children exposed to languages with rich morphological cues to number might be faster to learn early number word meanings relative to children who learn languages with less number marking.
Several studies indicate that the grammatical structures of language encode conceptual content that is relevant to number word learning, and that children can leverage this content when learning the meanings of their first number words. First, in many languages number words are used in syntactic contexts that are also occupied by set-relational quantifiers, like many, several, and all. By noticing this relationship, children might infer-via "syntactic bootstrapping"-that number words, like quantifiers, encode information about sets and quantity (9) (10) (11) (12) . Consistent with this, children's ability to comprehend quantifiers is a significant predictor of number word comprehension in acquisition (10, 11) . Second, some languages, like English, make a grammatical distinction between singular and plural, which could facilitate number word learning. Whereas the word one is typically used with singular agreement (one cup), all larger number words are used with the plural (three cups). Thus, children who know the singular-plural distinction might use this knowledge to speed their acquisition of the word one (e.g., by inferring that one cat refers to a single cat), thereby using existing linguistic concepts to interpret early number
Significance
Languages vary in how they grammatically mark number (e.g., in nouns, verbs, and so forth). We test the effects of this variability on learning number words-for example, one, two, three-by investigating children learning Slovenian and Saudi Arabic, which have singular-plural marking, but also dual marking (for sets of two). We find that learning the dual is associated with faster learning of the meaning of two than in any previously studied language, even when accompanied by less experience with counting. We conclude that although exposure to counting is important to learning number word meanings, hearing number words used outside of these routines-in the quantificational structures of language-may also be highly important in early acquisition.
words (8) . In support of this hypothesis, children learning English are significantly faster to learn the meaning of the word one than are children learning languages that lack obligatory singular and plural marking, such as Japanese and Chinese (11, 12) .
These previous studies are consistent with the thesis that the morphology and syntax of language encode content that is relevant to acquiring early number words, and that differences in exposure to these structures affect the rate of number word learning both within and across languages. However, the evidence for this conclusion is controversial. Within-language correlations between the acquisition of quantifiers and number words may exist not because of a specific causal relation between the two, but because children who are rapid language learners are more advanced learners across the board. Similarly, cross-linguistic differences in the rate of number word learning, although correlated with differences in grammatical structure, may also be because of other linguistic or cultural differences that are not measured in these studies (e.g., variability in children's exposure to number words). Although languages like Japanese and English differ with respect to singular-plural marking, they also differ in many other ways that might cause differences in number word learning that are not specific to the word one (11). More generally, although these studies provide compelling correlational data, they do not yet support the strong claim that learning the meanings of early number words (e.g., one, two, and three) is facilitated by grammatical marking of number.
In the present study, we tested this idea by studying the acquisition of two languages that feature distinctive number morphosyntax: Slovenian, a Slavic language, and Saudi Arabic, a Semitic language. Although many languages, like English, make only a distinction between singular and plural forms, Slovenian and Saudi Arabic make a finer distinction between singular, dual, and plural (13) . Thus, these languages grammatically mark reference to sets of two, regardless of whether numerals are explicitly used. In Slovenian, a noun like button can occur in the singular (gumb), the dual (gumba), or the plural (gumbi). In addition, agreement occurs on adjectives, like red, and on verb phrases (example 1, below). Perhaps most interesting, in Slovenian the small number words-one, two, three, and four-behave like adjectives and agree with the noun in number. Thus, the word two (dva) receives dual agreement, whereas four (štirje) receives the plural. In colloquial Saudi Arabic, which we also investigated here, dual marking appears on the noun (example 2), although not on adjectives or verbs (except in media, schools, or written texts, where Standard Arabic is used and dual agreement occurs throughout the sentence). Thus, a singular car, for example, is sayara, dual is sayarten, and plural is sayarat (for details of each morphological paradigm, see Supporting Information). We exploited the presence of dual marking in these languages to test whether learning dual morphology specifically affects the acquisition of the meaning of two, and thus whether cross-linguistic variation in number morphology causes differences in number word learning. Critically, unlike previous studies, our study was not restricted to testing the relative speed with which children acquire the system of number words as a whole (which might be because of any number of factors). Instead, we specifically probed the role of the dual in learning the meaning of two. We tested this relationship in two ways. First, we tested the relative frequency of children who knew the meaning of the word two in Saudi Arabic, Slovenian, and English 2-, 3-, and 4-y-olds (which we also compared with previous reports of Russian, Japanese, and Chinese). If learning a singular-dual-plural distinction facilitates learning the meanings of one and two, but does not help children learn higher numbers like three and four, then children who know the meaning of two should be especially frequent in dual languages. Second, we tested whether children's comprehension of two was specifically related to acquiring the dual, by probing dual knowledge in three tasks. Finally, as in previous cross-linguistic work, we asked whether children learning a dual language are faster overall to learn the meaning of two, compared with children learning English, when controlling for age and exposure to number words.
Experiments
The studies reported here were conducted by two separate groups. Authors J.S., F.M., R.
Z., T.O., and D.B. did the Slovenian and English studies without knowledge of the concurrent Saudi study, run by A.A. and C.D. Because of this, the tasks and age groups differed, as we describe below. For English and Slovenian we tested 2-, 3-, and 4-y-olds (English mean = 3;6 y; Slovenian mean = 3;2 y), and for Saudi we tested 3-and 4-y-olds (mean = 3;9 y).
The English and Slovenian children were given two tests of number word knowledge. The Give-a-Number (Give-N) task (14) identified the number words that children comprehended. Children who knew no number word meanings were called nonknowers. Those who knew the meaning of one, but not higher words, were called one-knowers. Children who knew the meanings of one and two were called two-knowers. We also identified three-and fourknowers, and finally cardinal principle (CP)-knowers, who we defined as children who could use counting to determine the cardinality of any number in their count list (in this study numbers up to 10; see Materials and Methods for details). The Highest Count task tested how high each child could recite numbers in a counting routine, and was used as a proxy for pedagogical exposure to number words and counting. The Saudi Arabic speakers also completed the Give-N task, but not the Highest Count task. The one difference in method for the Saudi Give-N task was that numbers up to 5 (instead of 10) were tested, and CP-knowers were defined as children who comprehended words up to five.
Children also received tests of dual comprehension to determine its relationship to number word comprehension. The Slovenian children did two morphology tasks. In the Give-Morphology (Give-M) task (10, 11) the experimenter asked children to give sets of objects using nouns with either singular, dual, or plural morphology. In the What's-on-this-Card task (WOC) (15) the experimenter asked the children to describe sets on cards. Half the children were prompted to label sets using number words and nouns and half were not prompted to use number words, although they were free to do so. The number prompts allowed us to probe whether children could use appropriate number agreement when using number words. Saudi children were tested with a forcedchoice method, in which three arrays were presented on a card (1, 2, and 5), and children pointed at an array in response to requests that included either singular, dual, or plural nouns.
Results
Give-N Task. If number morphology facilitates the acquisition of number word meanings, then learning the singular-dual-plural distinction may help children acquire the meanings of numbers up to two. To test this idea, we compared Slovenian, Saudi, and English children on the Give-N task, using a series of logistic regressions. For English and Slovenian, analyses used language, age, and counting ability as predictors of number-knower level. For Saudi Arabic, no counting data were available and this factor was excluded from our models. In addition, as already noted, there were no 2-y-olds in the Saudi dataset. These differences made it impossible to test whether Saudi children were faster to acquire two, relative to English, and also whether effects of language were driven by explicit training with the count routine vs. dual morphology. Still, it was possible to ask whether twoknowers were overall more frequent in Saudi Arabic.
In the first analysis ( Fig. 1) , which predicted children's status as two-knowers, a comparison of English and Slovenian children found significant effects of language (β = 1.349, P = 0.004), counting ability (B = −0.11, P = 0.019), and a marginally significant effect of age (B = 0.056, P = 0.073). Here and elsewhere in the report, likelihood-ratio tests revealed the same pattern of results. The language effect reflected a much higher frequency of two-knowers in Slovenian (49%) compared with English (11%). Surprisingly, this was true for each age group: 2-y-olds (42% vs. 4%); 3-y-olds (58% vs. 20%); and 4-y-olds (44% vs. 8%). A parallel analysis comparing English and Saudi Arabic children also found a significant effect of language (B = 1.24, P = 0.006), and a marginally significant effect of age (B = −0.07, P = 0.052). Again, there was a dramatically higher frequency of two-knowers in Saudi Arabic (41%) compared with English (11%), which was again true for each age group separately: 3-y-olds (49% vs. 20%) and 4-y-olds (23% vs. 8%). In this comparison, the same pattern of results was found whether English 2-y-olds were included in the analysis or whether instead they were excluded, such that only 3-and 4-y-olds were compared (as in the analysis presented here). Finally, there was no difference in the frequency of twoknowers between Saudi Arabic and Slovenian (B = −0.45, P = 0.243), and no effect of age (B = −0.06, P = 0.098).
For Slovenian, two factors explain why two-knowers were so frequent relative to English. First, in the analysis just presented, the likelihood of being a two-knower was negatively correlated with counting ability, suggesting that poor counters got stuck as two-knowers and better counters progressed to higher-knower levels. As shown in Fig. 2 , there were very important differences in counting ability between groups. Slovenian children were substantially poorer counters than English children, especially at older ages. For example, at 54 mo Slovenian children counted as high as English children who were a year younger. In a model predicting highest count, we found an effect of language (B = −9.06, P < 0.0001), an effect of age (B = 0.75, P < 0.0001), and interaction between language and age (B = −0.86, P < 0.001). This relatively poor counting ability likely reflects a smaller emphasis on explicitly training children to count in Slovenia, relative to in the United States, and thus less exposure to number words overall. Such a difference in exposure might explain why, despite being faster to acquire two (as we show below), Slovenian children are not faster to learn the meanings of higher number words.
The second reason that two-knowers were more frequent in Slovenian was that Slovenian children were faster to become two-knowers than English children, despite the fact that they had much weaker knowledge of counting. The percentage of children who knew the meaning of at least two was higher in Slovenian (S) than in English (E) for 24-to 30-mo-olds (S = 41%; E = 0%), and 30-to 36-mo-olds (S = 50%; E = 9%), but less so in 36-to 42-mo-olds (S = 88%; E = 80%), and older children. An analysis that predicted being at least a two-knower found significant effects of language (B = 2.64, P < 0.001), age (B = 0.249, P < 0.0001), and counting ability (B = 0.197, P = 0.034). In addition, language remained a significant predictor of knowing at least two when excluding children over 35 mo of age (B = 3.64, P < 0.013), showing that the effect was not driven by greater numbers of twoknowers at older ages. Finally, an analysis that predicted being at least a three-knower revealed no effect of language (B = 0.176, P = 0.753), despite showing significant effects of age (B = 0.113, P = 0.003) and counting ability (B = 0.208, P < 0.001), suggesting that speaking Slovenian was specifically associated with learning two more quickly, but not three. Instead, age and counting ability were the best predictors of knowing higher-number words.
To further probe the generality of these effects, we next compared our findings with data from Russian, Japanese, and Mandarin Chinese. First, we considered data from Russian, originally collected by Sarnecka et al. (12) . Russian is interesting because it is a Slavic language like Slovenian, and thus has very similar number morphology. Critically, although Russian has a singular-plural distinction and like Slovenian has different declension patterns non- for different numerals, it does not have a dual form (13) . Thus, Russian is a near-perfect control case for evaluating the Slovenian data. We compared Slovenian and Russian in a model that included age as a factor, but not highest count, because no comparable openended measure of counting was available for Russian (Supporting Information). We found that Slovenian children (49%) were significantly more likely to be two-knowers than Russian children (25%; B = −1.00, SE = 0.43, P = 0.019). We next compared Russian to Saudi Arabic (41% two-knowers). Here, although ages were sampled very differently across language groups in a way that likely exaggerated the proportion two-knowers in Russian (see Supporting Information for details), we found a marginally significant difference between the groups (B = −0.94, SE = 0.50, P = 0.059). Finally, we compared the dual languages to our own previously published Japanese data (9% two-knowers; total n = 104) and to new Mandarin Chinese data (11% two-knowers; total n = 79), where ages were comparable to Slovenian, and found that two-knowers were much less frequent in these languages, relative to the dual languages (Slovenian vs. Japanese: B = −2.28, SE = 0.43, P < 0.0001; Slovenian vs. Mandarin: B = −1.97, SE = 0.43, P < 0.0001; Saudi vs. Japanese: B = −2.17, SE = 0.45, P < 0.0001; and Saudi vs. Mandarin: B = −2.09, SE = 0.49, P < 0.0001). These analyses thus confirm that the frequency of two-knowers in Slovenian and Saudi Arabic is highly unusual, and not found in any previously studied language.
Morphology Tasks. Our hypothesis is that learning dual morphology facilitates acquiring the meaning of two. Thus, our next analyses tested whether comprehension of dual morphology was associated with learning the meaning of two. Such a correlation is not strictly required by the hypothesis that dual morphology facilitates number word learning. For example, dual learning might be complete before children receive significant exposure to number words, and yet might still facilitate number word learning. This scenario would result in no correlation. Still, the presence of a correlation would lend credence to the idea that the large differences in knower level distribution between languages are not coincidental, and instead are related to the variable of interest (i.e., dual knowledge).
We conducted three analyses for each test of dual comprehension. First, we compared dual comprehension in pre-two-knowers (children who are nonknowers or one-knowers) and children who knew the meaning of at least two (two-, three-, four-, and CPknowers). Second, we compared pre-two-knowers to two-knowers. Finally, we compared two-knowers to post-two-knowers (three-, four-, and CP-knowers), where no particular relationship was expected (on the hypothesis that benefits of learning the dual are specific to two). All analyses were Wilcoxon/Kruskal-Wallis rank sums tests, although two-tailed t tests found similar results. For all morphology tasks we focus on results for dual trials, and report singular-plural data in the Supporting Information. It is important to note that performance on dual trials was often related to performance on the plural, in particular, because responses for the two were nonindependent. For example, consistently labeling sets of two with the dual would by necessity increase plural performance by precluding the possibility of using the plural to label sets of two. Thus, although we focus attention here to the dual, ultimately acquiring the dual must be considered one part of a broader mastery of the morphological paradigm.
Give-M. Children were asked to give quantities with sentences that featured singular, dual, or plural morphology. For the dual, only responses of "two" were considered correct. A set of analyses comparing dual knowledge across knower levels ( Fig. 3) found a large and significant difference between children who knew at least two and those who did not (P = 0.0004), as well as a large difference between pre-two-knowers and two-knowers (P = 0.002), but no significant difference between two-knowers and post-two-knowers (P = 0.371). These data suggest that knowledge of morphology-and especially the dual and plural forms-is related to acquiring the meaning of the word two.
What's-on-this-Card? For the WOC task, we conducted two main analyses to test the relationship between knower level and acquisition of morphology. First, for children who uttered the word two, we asked whether they used the appropriate dual agreement on the noun that labeled the set (independent of whether two things were actually on the card, and thus whether the response was correct in relation to the set). We found that when children used the word two to label sets [either because they were in the Number Prompt condition, or because they did so spontaneously (Supporting Information)], they almost always used dual marking on the noun that accompanied the numeral, regardless of knower level: nonknowers (89%), one-knowers (88%), two-knowers (84%), three-and four-knowers (100%), and CP-knowers (97%). This finding suggests that even before knowing the meaning of two, at least some children are able to use two with correct dual agreement on the noun, a prerequisite for using this agreement to guide number word learning.
Our second analysis (Fig. 3) tested the degree to which children at different knower levels used the dual for sets of two objects. When children were presented with a set of two, correct use of the dual differed significantly between those who knew the meaning of at least two and those who did not (P = 0.008). In addition, there was a difference between pre-two-knowers and two-knowers (P = 0.017), but not between two-knowers and posttwo-knowers (P = 0.592). Thus, as in the Give-M tasks, we found that acquiring the meaning of two was significantly associated with increased comprehension of the dual. Forced-Choice Morphology. This task, given to Saudi children, also tested how learning dual morphology was related to learning two (for singular-plural data, see Supporting Information). Children saw one card on each trial that depicted three arrays with one, two, or five objects (not always in the order). In a request that had singular, dual, or plural marking they were asked to point to a set. On dual trials (Fig. 3) we found a significant difference between children who knew the meaning of at least two and those who did not (P = 0.0003). This result stemmed from a marginally significant difference between pre-two-knowers and two-knowers (P = 0.078), and a significant difference between two-knowers and post-two-knowers (P = 0.0006). Critically, by the time children became two-knowers, they pointed to the correct set in response to dual requests 71% of the time, which was significantly greater than chance (P = 0.002). Thus, as in Slovenian, we found that dual knowledge was associated with knower level, although results for Saudi Arabic were not as robust as those for Slovenian. This weaker effect may be because of the absence of 2-y-olds in this study. However, another reason may be that the forced-choice task differed from the Slovenian tasks in a way that is known to mask competence in studies of English singularplural comprehension (16) . Specifically, on dual trials both the dual card and the plural card contained at least two items. Thus, on these trials either choice is technically correct if children restrict attention to a subset of two items, because both a set of two and a set of five contain two items, consistent with the dual. A secondary analysis revealed that when children made errors on singular trials these errors were randomly distributed between the remaining two-item (54%) and five-item (46%) cards (χ 2 = 0.974, P = 0.324). However, when children made errors on dual trials, they were made significantly more to five-item (63%) than to one-item (37%) cards (χ 2 = 5.003, P = 0.025). This finding shows that these children had some nonsingular meaning for the dual-and possibly a dual meaning-but leaves open the possibility that they interpreted it as a plural. However, a subset of children almost certainly had a dual interpretation when they incorrectly chose sets of five: seven Saudi children pointed specifically to a subset of an array (i.e., to two items) on at least one dual trial. Although these ambiguous choices were not included in our analysis (and had no effect if included, regardless of how they were coded), it is likely that other children also intended subsets of arrays when pointing, leading us to underestimate comprehension of the dual on some trials. Critically, independent of this detail, we found that in Saudi Arabic, as in Slovenian, comprehension of the dual was robust by the time children became two-knowers, and was strongly associated with knowing the meaning of at least two.
Discussion
In a study of two dual languages, we found that grammatical morphology can affect the acquisition of early number word meanings, resulting in striking cross-linguistic differences in number word learning. In both Slovenian and Saudi Arabic-two unrelated languages in completely different cultural contexts-two-knowers were surprisingly frequent, relative to English. In addition, in the dual languages, comprehension of two was associated with knowledge of dual number marking. Additional analyses in Slovenian, for which we had 2-y-old children and a measure of counting ability, found a significantly earlier acquisition of two, relative to English, but no advantage for learning higher words. Whereas learning dual morphology appears to have speeded the acquisition of words up to two, counting ability and age were the best predictors of acquiring larger numbers. In fact, the likelihood of being a two-knower was negatively correlated with counting ability, suggesting that Slovenian children were fast to acquire two, but got stuck as twoknowers because of their relative lack of exposure to number words. Finally, differences were also found when comparing Slovenian and Saudi data to data from Russian, Japanese, and Mandarin Chinese. Thus, we find that the frequency of two-knowers in Slovenian and Saudi Arabic is very unusual, and unlike any language previously studied.
These results show that when concepts like "dual" are made explicit in the morpho-syntax of a language, the acquisition of corresponding number word meanings is facilitated. This conclusion is consistent with the broader thesis that hearing number words used in informative grammatical structures speeds the acquisition of their meanings (17) (18) (19) . Consequently, our data lend support to the idea that previously reported differences between English and Japanese (8, 11, 12) , for example, are indeed driven by cross-linguistic differences in grammatical number (e.g., the availability of singular-plural marking only in English). More generally, our data suggest that although frequent exposure to counting is likely important to learning number word meanings, hearing number words used outside of these routines-in the quantificational structures of language-may also be highly important in early acquisition. Future studies should investigate this possibility by testing how, within a given language, learning is affected by training that emphasizes the use of number words in informative grammatical structures.
Several questions are left open by this study. First, although a natural conclusion to draw from our data is that number morphology can affect the acquisition of number word meanings directly, it is also possible that a less-direct relationship exists between the forms. For example, it is possible that acquiring the dual speeds number word learning because it involves constructing a new concept, "twoness," the general availability of which speeds the independent acquisition of the word two (10). This result, like a more direct syntactic bootstrapping account, would also predict the correlated emergence of two and the dual. Second, although our data suggest that morphological forms like the dual encode concepts similar to meanings of number words like two, we have not addressed how such concepts might arise in the first place. It is possible that the acquisition of morphology and number words both depend on a single conceptual change (which in Slovenian and Saudi occurs when children acquire the dual), or that both depend on a shared set of innate semantic representations, which underlie other logical quantifiers and connectives in natural language (see ref. 18 for discussion).
Finally, although our study addresses the role of grammatical number in early, foundational stages of number word learning, it leaves open the role of language at later stages of number word and mathematical development. Children across different cultures learn one, two, and three before they understand how counting works, just as they acquire singular, dual, and trial marking independent of a counting system (8, 13, 20) . Critically, learning one, two, and three appears to be a necessary step to understanding counting and more advanced mathematical knowledge. However, children appear unable to learn words that encode sets of five or more-whether number words or grammatical morphology-in the absence of counting (14, 20) . These facts suggest that grammatical cues to number are most important to learning the meanings of early number words, like one, two, and three, and that distinct processes govern later number word learning. For example, becoming a CP-knower, and learning how counting is used to enumerate sets larger than four, involves acquiring knowledge that lies beyond the scope of natural language morphology (see refs. 18-20 for discussion). Although grammatical structures may play an important role in getting number word learning off the ground, they are not sufficient for acquiring mathematical knowledge, which emerges later in development (21) .
In sum, we found that grammatical morphology can facilitate the acquisition of early number word meanings, resulting in dramatic cross-linguistic differences. Although being trained to use a count list is an important part of number word learning, at the earliest stages children are also strongly affected by hearing number words used in naturalistic speech, particularly if their language features rich cues to number. These data suggest that acquiring number words-basic building blocks of later mathematical learning-is importantly affected by the structures with which they are used in speech, and thus by differences in the grammatical expression of number across individual children, and cross-linguistically.
Materials and Methods
Experiment 1. Participants. Slovenian children included 71 2-, 3-, and 4-y-olds (mean age = 3;3 y), tested in Ljubljana, Slovenia. All were native speakers of Central Slovenian. There were 28 2-y-olds, (2;1-2;11 y, mean = 2;6 y), 26 3-yolds, (3;0-3;11, mean = 3;4 y), and 17 4-y-olds (4;0-4;9, mean = 4;2 y). Of these children, 68 successfully completed the Give-N task, and were included in analyses. English children included 79 2-, 3-, and 4-y-olds (mean = 3;6 y), tested in San Diego, CA. There were 26 2-y-olds, (2;1-2;9 y, mean = 2;5 y), 29 3-y-olds, (3;1-3;11 y, mean = 3;7 y), and 24 4-y-olds (4;0-4;11y, mean = 4;5 y). Children gave verbal assent, and caregivers gave signed consent. Recruitment and experimental procedures were approved by the UCSD Human Research Protection Program.
Slovenian children were tested in their school by a female experimenter who spoke Central Slovenian. Each child completed all four tasks (WOC, Give-N, Give-M, Highest Count) in order in one session. Two additional tests of pragmatic reasoning were administered on a separate day (Supporting Information). Testing took ∼30 min. For computer tasks, audio was prerecorded by a native speaker of Central Slovenian. For all other tasks, the experimenter gave verbal instructions. English children were tested in their school or the laboratory by a female experimenter who spoke English. Sixtytwo Slovenian children and 72 English children completed the Highest Count task and were included in all analyses. Children who did not complete the Highest Count task were included in all analyses that did not consider counting a factor. Give-N. Children were given 10 objects and were asked to give n items (where n = 1-10), and to tell the experimenter when they were done. The experimenter requested n without a noun to avoid number agreement: "Can you put n in the red circle?" (see Supporting Information for translations). Once the child was done, the experimenter asked, "Is that n?" If the child gave an incorrect number, they were asked, "Can you count and make sure?" Children were asked for each n three times, in pseudorandom order. Children were classified as n-knowers for the largest number for which: (i) they provided n items two-thirds of the time when asked for n, and (ii) on twothirds of the trials for which they gave n, they did so for the number n (21). WOC. Warmup trials tested if children could name the four types of objects used during test: paintbrushes, buttons, balloons, and drums. The children were shown one card at a time and asked, "Can you tell me what's on this card?" If they didn't respond, the experimenter asked, "Can you say X?", where X was the singular form. Once the child had named the objects, the experiment began. The children were shown images of one, two, three, five, or eight items on each card. Each item type was presented on five trials, once for each set size. On each trial, the experimenter asked, "What's on this card?" There were two trial orders.
Half of children were assigned to a Number condition, half to a NoNumber condition. In the Number condition, children were prompted to use number words: the experimenter gave feedback on the first trial, after the child saw one object: for example, "That's right, that's one drum." On later trials, if the child failed to use a number word, they were prompted with, "How many?" If they used a number word but no noun, they were prompted: for example, "Two what?" In the No-Number condition, there was no prompt, and most children did not use number words as a result. Regardless of condition, all trials on which children used numbers were used in analyses that tested use of morphology with numbers. Give-M. Children were shown 10 buttons and asked to place a quantity into a box, using the singular (gumb), dual (gumba), or plural (gumbe), four times each. Children told the experimenter when they were done. Sixty-five children completed this task. Of these, all but nine completed all trials. These nine completed at least six trials (two for each ending) and were therefore included in analyses. Highest count. Children were asked to count as high as they could. If they did not respond they were prompted by the experimenter, who said, "one. . ." (with rising intonation). The child's highest count was the largest number reached before making an error. In both the Slovenian and English samples seven children refused to count. Experiment 2. Participants. The Saudi sample included 84 3-and 4-y-olds (mean = 3;9 y), tested in Riyadh, Saudi Arabia. All children were native speakers of Saudi Arabic. There were 57 3-y-olds, (3;0-3;11 y, mean = 3;6 y), and 27 4-y-olds (4;1-4;6 y, mean = 4;4 y). All children provided verbal assent, and caregivers gave signed consent. Recruitment and experimental procedures were approved by the UCL Research Ethics Committee.
Children were tested in their school by a female native speaker in a session lasting 10-20 min. Each child completed the two tasks (Give-N; forced-choice morphology). Task order was randomized between subjects. Give-N. Children were shown 25 small balls and asked to put n items in a bowl (where n = 1, 2, 3, 4, or 5), and to count aloud. In a warm-up trial, the experimenter placed six balls one at a time in the bowl, counting aloud. Instructions were given without a noun, "Can you give me n?" to avoid number-marking cues (see Supporting Information for translation). When a child gave an incorrect number, the experimenter said, "Can you make sure that this is n?" to allow one correction. Children were asked for each n three times, in one of two pseudorandom orders. Forced-choice morphology. Children were presented one training card followed by 12 test cards. Each card depicted three arrays (one, two, or five objects) of the same type (cars, chairs, trees, or spoons). For each type of thing there were three tokens, which varied across trials. The location of the singular, dual, and plural sets on the cards also varied across trials. For familiarization, children saw a card with three sets of balls (one, two, or five), and the experimenter used the number-inflected noun (ball, ball-dual, ball-plural) while pointing to each set (for translations, see Supporting Information). Each numberinflected noun was then repeated, but this time the child was asked to point and was given feedback if needed. The experimenter then moved to the test trials. Children saw one card at a time and were asked, "Can you show me the picture of car-dual?" ACKNOWLEDGMENTS. We thank Vesna Plesni car, Tina Razboršek, Pierina Cheung, and Katie Kimura for their roles in collecting data; Naja Ferjan for help translating materials; Mike Frank, Veronique Izard, Steve Piantadosi, and members of Ladlab for comments; and Barbara Sarnecka for sharing Russian data from a past report. 
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This document describes the singular, dual, and plural paradigms in both Slovenian and Saudi Arabic, as well as details regarding the methods and results of the tasks presented in the main text for Slovenian and Saudi Arabic, as well as for Russian, Japanese, and Mandarin Chinese.
Linguistic Background
Slovenian. Slovenian is a Slavic language (South-Slavic group) whose grammatical number system distinguishes between singular, dual, and plural (1-3). The robustness of the dual varies across dialects (4) . This description outlines the facts of Central Slovenian, as spoken in Ljubljana, which is where we tested. In Central Slovenian, nouns come in three paradigms, as shown in Table S1 for masculine gender, declension class I. For a single noun, like gumb (or "button"), there is a singular, dual, and plural form for each of six different cases. In addition, when a noun is modified by an adjective in a complex noun phrase, the adjective agrees with the head noun, such that the adjective also exhibits a number/gender-specific form, as shown in Table S1 . Whereas there is some syncretism (i.e., morphological overlap) between the dual and plural forms of both nouns and adjectives (in the case of masculine nouns of declension class I, in the majority variety, this holds in two of the six cases, as seen in Table S1 , and in the case of feminine and neuter nouns, syncretic forms account for at least four of the six cases), the dual and the plural are nevertheless clearly distinct categories with overall distinct morphological marking. In addition, the test paradigms only included contexts that required nominative or accusative case of masculine nouns, where the target forms were unambiguously singular, dual, or plural.
In other words, Slovenian number morphology distinguishes not only between "red button" and "red buttons," as is the case in singular-plural languages, such as English, but between, in nominative contexts, the singular rde c gumb, dual rde ca gumba, and plural rde ci gumbi. Moreover, through agreement with the subject, distinct singular/dual/plural number marking also surfaces on the verb, as shown in Table S2 for the present indicative paradigm (and this is obligatory even in the case of subjects that exhibit a dual form that is syncretic with the plural, such as feminine noun subjects). [Distinct singular/dual/plural number forms also exist for the imperative, whereas the future and past paradigms always combine a present indicative-form auxiliary, which exhibits the number distinctions from Table S3 , and a nominally inflecting participle, which-in the case of masculine gender subjects-exhibits the number distinctions from the nominative column of Table S2 (see refs. 5 
and 6 for full paradigms).]
In Slovenian the small number words (i.e., one, two, three, and four) behave like adjectives, and agree with the head noun in gender, case, and critically, in number. As shown in Table S1 , the declension paradigms for one, two, and three/four are distinct, and as can also be seen in Table S1 , ignoring some vowel variation, the paradigm for one corresponds to the singular adjectival paradigm, the paradigm for two corresponds to the dual adjectival paradigm, and the paradigm for three/four corresponds to the plural adjectival paradigm.
An overview of these paradigms-nominal number morphology, adjectival number morphology, small-numeral number morphology and subject-agreement-triggered verbal number morphology-is given by the sentences in Table S3 .
Unlike the small numerals one through four, which behave like adjectives and whose presence does not affect the shape of the noun, numerals higher than four, sometimes called "5&Ups" (7), do not always agree with the head noun. In oblique-case contexts, they also behave like adjectives, in which case they can either agree with the head noun in gender, case, and number, or occur in bare form; but in nominative and accusative contexts, they behave like quantifiers and do not agree with the head noun in these ways (composite numerals such as hundred and {one/ two/three/four} also pattern with the first group, although that is quite irrelevant for our purposes). Instead, the numeral invariably occurs in bare form, whereas the noun is assigned genitive case, which is the usual quantification case in Slovenian. Unlike subjectnoun phrases with small numerals, subject phrases with a 5&Up also fail to trigger subject-verb agreement; instead, the verb receives default (third person singular) agreement, as shown in Table S3 (see ref. 7 for further details and an analysis).
Saudi Arabic. Saudi Arabic is a South-Central Semitic language (8) whose grammatical number system distinguishes between singular, dual, and plural. It is the language of daily communication in Riyadh, Saudi Arabia, where we tested, and is considered a separate language (variety) from Modern Standard Arabic (Alfus'ha), which is the language of writing, media, education, and formal speech. Whereas the number system of Modern Standard Arabic also distinguishes between singular, dual, and plural, the robustness of the dual in Saudi Arabic and Modern Standard Arabic differs. Because children are introduced to Modern Standard Arabic only through the media and education, colloquial Arabic (Al'amiyah), in the case of Riyadh Saudi Arabicspecifically, its Najdi dialect (9)-is considered the local children's mother tongue. This description therefore outlines the facts of Saudi Arabic.
In Saudi Arabic, nouns come in three forms, as shown in Table  S4 for the masculine and feminine nouns male teacher and female teacher, and for the masculine and feminine nouns book and sheet of paper. Male teacher and female teacher belong to the class of nouns that mark all three numbers with suffixation (in the case of masculine singular with absence thereof), whereas book and sheet of paper belong to the class that have an irregular/"broken" plural form marked with internal change of the stem. The stem change of the plural form of broken plural nouns comes in several types, but the plural form is always distinct from the singular and dual forms (10) .
Saudi Arabic exhibits separate forms for singular, dual, and plural only on nouns. On adjectives and verbs it only distinguishes singular and plural forms (unlike Modern Standard Arabic or Slovenian; see Slovenian, above). An adjective, which agrees in a complex noun phrase with the head noun in definiteness, gender, and number, thus exhibits the singular form when it modifies a singular noun and the plural form when it modifies either a plural noun or a dual noun (11) . Similarly, a finite verb, which agrees with the subject in gender, person, and number, exhibits the singular form when it combines with a singular subject and the plural form when it combines with either a plural or a dual subject, as shown in Table S5 .
The combination of nouns with number words shows a complex pattern. Interestingly, although the number-word three and also higher numbers precede the noun, one and two follow it. In the case of one and two, the number word exhibits a formal similarity with number suffixes on nouns, as shown in Table S4 . Number words also split with respect to the number on the noun they occur with: three through ten are followed by a plural noun, higher numbers by a singular noun (when referring to a set without mentioning the cardinal numeral, a plural noun is used). The results also split with respect to having separate masculine/feminine gender forms or not: one through ten have separate forms, whereas higher number words have just one form. An overview of these paradigms is given in Table S6 .
SI Materials and Methods and Results for Experiment 1
Give-A-Number. The following Slovenian translations were used for the Give-N task:
(i) Can you put X in the red circle?/Ali lahko prestavi s X v rde c krog?
(ii) Is that X?/Je to X?
(iii) Can you count and make sure?/Ali lahko pre steje s in se prepri ca s?
Primary results are reported in the main text. Table S7 describes the complete statistics for the Give-A-Number (Give-N) analysis comparing Slovenian to English.
Give-M(orphology) Task. The following Slovenian translations were used for Give-M. Objects were always buttons, and three request types (singular: gumb; dual: gumba; plural: gumbe) were made, following a general introduction to the game:
Now we're going to play a new game. There are toys and there is a red circle. I want you to put toys in the circle. Listen carefully. Can you put X in the red circle? → Zdaj se bova igrala/igrali novo igrico. Tu so igra ce in tu rde c krog. Rad/rada bi, da igra ce prestavi s v krog. Pozorno poslu saj. Ali lahko prestavi s X v rde c krog?
Children were then told:
Put X in the red circle and tell me when you finish → Prestavi X v rde c krog in povej, ko bo s zaklju cil/a.
When they completed their response, they were asked Is that X? → Je to X?
If the child placed the wrong amount in the box, they were asked Can you count and make sure? → Ali lahko pre steje s in se prepri ca s?
Regardless of whether the child provided a correct response, they then heard Very good→ Zelo dobro! Give-M Results. In addition to the dual data presented in the main text, we also collected data for singular and plural trials, as described in Materials and Methods. As noted in that section, significant effects for the dual were accompanied by effects for the plural, as well, and typically by null or marginal effects for the singular. The Give-M task revealed a significant difference in correct responses on singular trials between children who knew the meaning of at least two and those who did not (P = 0.04). There was a marginally significant difference between pre-twoknowers and two-knowers (P = 0.08), and no difference between two-knowers and post-two-knowers (P = 0.86). For plural requests, children who knew the meaning of at least two were more likely to give a correct response than children who did not (P = 0.002). In addition, there was a significant difference between pre-two-knowers and two-knowers (P = 0.02), but not between two-knowers and post-two-knowers (P = 0.14).
What's-on-this-Card? The following Slovenian translations were used for What's-on-this-Card (WOC): In a previous study using the WOC method (12), most 2-y-old children who were not prompted to use number words did not use them. In this study, which tested a wider range of ages, 23 children assigned to the No-Number condition never used number words, and 15 children in this condition used them at least once, although infrequently (mean = 3.3 in 24 trials for children who used them at least once; mean = 1.6 in 24 for all children in No-Number condition, mode = 0). The 33 children in the Number condition used numbers most of the time (21 of 24 trials, on average; mode = 23.5). For the morphological agreement analysis presented in the report, we were interested in how children used morphology when they did use number words. Therefore, for this analysis we included all trials on which number words were used by children, regardless of prompt condition. All other analyses of the WOC data presented in the article collapsed the Number and NoNumber trials, as no significant differences were found between these trial types in preliminary analyses.
WOC Results. When children used number words to label sets, they correctly used the singular (89%) and the plural (94%) when they used the words one and three+, respectively. Thus, when children used number words they were highly likely to use appropriate number agreement, whether singular, dual, or plural.
When labeling sets of one, children at all knower levels were near ceiling in their use of singular morphology (all > 94%). Performance did not differ between children who knew the meaning of at least two and those who did not (P = 0.73), suggesting minimal change in knowledge of the singular over development in our study. When labeling sets of three+, use of the plural differed significantly between children who knew the meaning of at least two and those who did not (P = 0.008), between pre-two-knowers and two-knowers (P = 0.01), but not between two-knowers and post-two-knowers (P = .94). Thus, children's acquisition of the plural appeared to change in lockstep with the dual, as children learned to differentiate the two forms, and map them onto sets of two and three+.
Language Survey. Parents of Slovenian speaking children were sent a survey to determine children's language exposure. A total of 24 language surveys were returned. Of these surveys, 19 reported that children were monolingual speakers of Slovenian. Another four spoke Slovenian at home and as their first language, but had been exposed to at least one other language. One child was reported to be a Slovenian-Serbian bilingual, with both languages spoken at home and Serbian being dominant.
Pragmatic Tasks. In addition to the tasks described in the main text, two additional tasks were also run on all Slovenian subjects in a separate, second day of testing. These tasks were designed to probe children's pragmatic understanding of the singular, dual, and plural forms, and tested whether, despite spontaneously associating these forms with specific quantities (e.g., one, two, more than two) children might nonetheless accept other quantities if they are offered as referents. To probe this, children were first shown sets and asked whether different descriptions were true of them (Question Judgment Task), and then asked to judge the relative strength or appropriateness of two descriptions (Description Forced-Choice Task). The children were tested with both number morphology and number words. These tasks found the same pattern of general success with the dual, especially among two-knowers and higher-knower levels, but also found that children were far less rigid in their interpretation of number morphology relative to number words. The full methods and data for these tasks form the basis for a separate study on the pragmatics of number words and number morphology, and thus are not presented here. Because they were administered after the tasks presented in the main text, they could not have impacted children's performance on the reported tasks. (ii) Can you make sure that this is n? → Wish rayik tit'akad en hathi n?→ The number n was either one (wahid), two (ethnen), three (thalatha), four (arba'a), or five (khamsa). Positive feedback was always provided despite the correctness of the child's response. This was of the form: "very good!" → "mumtaz!" → Primary results are reported in the main text. Table S8 describes the complete statistics for the Give-N analysis comparing Saudi Arabic to both Slovenian and English, specifically when predicting the number of two-knowers in each language.
SI Materials and Methods and Results for Experiment
Forced-Choice Morphology. For familiarization, translations were as follows:
Look at this card, as you can see it has three pictures, I want you to look here, here, and here (the experimenter pointing to each picture set). This is a ball, these are ball-dual, and these are balls. Now, can you show me the picture of a ball? Show me the picture of ball-dual. Show me the picture of the balls. → Shuf hathi ellawha feeha thalath suwar. Abgak tshuf hina, o hina, o hina. Hathy "kura," hathi "Kurten," o hathi "kuwar." Alan abgak twareeni surat "kura"? Wareeni surat "Kurten." Wareeni surat "kuwar." → For test trials the following translation was used: Can you show me the picture of X? → Tgdar twareeni surat X?→ where X was a number-inflected noun from Table S9 . On test trials, children were presented with 12 cards, one at a time, and were asked just one question per card to avoid possible strategic responses to successive presentations. There were four trials with singular requests, four with dual requests and four with plural requests. Three different pseudorandom orders of presentation were used, such that each set of items was used once, and no two consecutive trials included repeated set sizes or repeated nouns. Approximately one-third of participants in each age group was tested in each order. Similar to Give-N, positive encouragement was provided on each trial, although no corrections were given.
Forced-Choice Morphology Results. As in Slovenian, for singular trials there was no significant difference between children who knew the meaning of at least two and those who did not (P = 0.25). For the plural, children who knew the meaning of at least two were significantly more likely to respond correctly than those who did not (P = 0.01). There was no significant difference between pretwo-knowers and two-knowers (P = 0.40), but a significant difference between two-knowers and post-two-knowers (P = 0.004).
Russian, Japanese, and Mandarin Chinese Data In addition to the Slovenian, Saudi Arabic, and English data described in the main text, we also analyzed data from children learning Russian, Japanese, and Mandarin Chinese. Data for Russian children (n = 44; mean = 3;2 y; range = 2;9-3;7 y) were provided to us by Barbara Sarnecka (13) . Japanese data (n = 104; mean = 3;6 y; range = 2;0-4;11 y) were from our own previous study (14) . Detailed methods for the Russian and Japanese data are described in the source articles (13, 14) . Finally, the Mandarin Chinese data (n = 79; mean = 3;5 y; range = 1;10-5;1 y) were collected in Taipei, Taiwan by Pierina Cheung, under the supervision of D.B. (Dataset S1). For the Mandarin study, we used Wynn's titration method to assess knower, and our methods otherwise mirrored those used in our study of Japanese (14) . Children were presented with a red plastic circle and eight plastic fish, and were asked to put fish into the circle:
Can you put N fish into the circle? → ni ke yi ba N tiao yu fang jin hong quan li ma?
None of these previous studies included an open-ended test of counting ability, and thus we were unable to assess how knower level related to children's general familiarity and experience with counting. Consequently, we could not conduct a valid test of whether children were faster to become two-knowers in dual languages, because we could not control for exposure to number words and counting. For example, in the Russian study, children were asked to count sets up to six objects, and were only credited with a correct response if they counted six objects as six (13). Thus, this task not only capped performance at six, but was also considerably harder than merely reciting number words in a sequence (the method used in our study).
A second limit of these datasets was that they sampled children from different age groups, which likely shifted the overall distribution of knower levels across languages. For example, the Russian study tested no young 2-y-olds and no 4-y-olds, resulting in very few nonknowers and cardinal principle (CP)-knowers, likely increasing the proportion of one-knowers and two-knowers relative to other groups. Given these facts, it is important to interpret these cross-linguistic comparisons with caution.
Despite these caveats, there were relatively clear differences in the proportion of two-knowers across these groups, resulting in very different distributions of knower levels. First, in Russian (n = 44), 2.3% were nonknowers, 50% one-knowers, 25% two-knowers, 18.2% three-knowers, 0% four-knowers, and 4.5% CP-knowers. In Japanese (n = 104), 26.9% were nonknowers, 8.7% one-knowers, 8.7% two-knowers, 11.5% three-knowers, 0% four-knowers, and 44.2% CP-knowers. Finally, in Mandarin Chinese (n = 79), there were 15.2% nonknowers, 16.5% oneknowers, 11.4% two-knowers, 5.1% three-knowers, 11.3% fourknowers, and 40.5% CP-knowers. The critical observation here is that the proportion of two-knowers was 25%, 8.7%, and 11.4%, respectively, relative to 49% in Slovenian and 41% in Saudi Arabic. Thus, the proportion of two-knowers in Slovenian and Saudi Arabic was much higher relative to any other language. To test this finding, we predicted the likelihood of being a twoknower from a model containing age and language spoken. We found significant differences in the likelihood of being a twoknower based on language spoken for Slovenian vs. Russian (B = −1.00, SE = 0.43, P = 0.019), Slovenian vs. Japanese (B = -2.28, SE = 0.43, P < 0.0001), Slovenian vs. Mandarin (B = -1.97, SE = 0.43, P < 0.0001), Saudi vs. Japanese (B = −2.17, SE = 0.45, P < 0.0001), and Saudi vs. Mandarin (B = −2.09, SE = 0.49, P < 0.0001). The comparison of Saudi vs. Russian was marginally significant (B = −0.94, SE = 0.50, P = 0.059). Here, it is worth noting that the overlap between age groups was particularly small because the Saudi children were relatively old and the Russian children relatively young. In total, fewer than half of the Saudi children (n = 28) fell within the age range of the Russian sample, which was not only restricted in age range, but also much smaller than any of the other language samples (n = 48). Table S1 . Declension paradigms for inanimate masculine nouns (N) of declension class I (gumb "button"), for inanimate-masculine-noun-modifying adjectives (Adj) (rde c "red"), and for inanimate-masculine-noun-modifying small number (Num) words (one, two, three/four) (1) ], it is customary to leave out the numerals one and two when appearing with the nouns. 
